WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

H04B 1/12, H04L 25/03, 25/02, H04B 
7/005 



Al 



(11) International Publication Number: WO 98/38750 

(43) International Publication Date: 3 September 1998 (03.09.98) 



(21) International Application Number: PCT/SE98/00260 

(22) International Filing Date: 13 February 1998 (13.02.98) 



(30) Priority Data: 

08/808,823 



28 February 1997 (28.02.97) US 



(71) Applicant: TELEFONAKTIEBOLAGET LM ERICSSON 
(publ) [SE/SE]; S-126 25 Stockholm (SE). 

(72) Inventors: SKOLD, Johan; Otto Bondes Vag 122, S-184 62 
Akersberga (SE). H66K. Mikael; Bagarbyvagen 15, S-191 
34 Sollentuna (SE). EDVARDSSON, Nils; Medborgarplat- 
scn It, S-l 18 26 Stockholm (SE). 

(74) Agent: ERICSSON RADIO SYSTEMS AB; Common Patent 
Dept., S-164 80 Stockholm (SE). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB. BG, BR. 
BY, CA, CH. CN, CU, CZ. DE, DK, EE, ES, FI, GB, GE, 
GH, GM, GW, HU, ID, IL, IS, JP, KE, KG, KP, ICR, KZ, 
LC LIC, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO. NZ, PL. PT, RO, RU, SD, SE, SG, SI. SK f SL, TJ, 
TM, TR, TT, UA, UG, UZ, VN, YU, ZW, ARIPO patent 
(GH, GM, KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM). European patent 
(AT. BE, CH. DE, DK, ES, FI, FR, GB, GR, IE. IT. LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: 



RECEIVER APPARATUS, AND ASSOCIATED METHOD. FOR RECEIVING A RECEIVE SIGNAL TRANSMITTED 
UPON A CHANNEL SUSCEPTIBLE TO INTERFERENCE 



92 



96 



94 



136 
J— 



CHANNEL 




ESTIMATOR 


r 

104 



_98_ 
102-^1 



RESIDUAL 
INTERFERENCE 
ESTIMATOR 



106 



r 

112 



^-134 



SELECTOR 



108 



128 

_Z_ 



SINGLE- 
CHANNEL 
DETECTOR 



JOINT 
DETECTOR 

T 
118 



V 
114 



(57) Abstract 



Apparatus (92), and an associated method (200), for estimating an interfering-signal component portion of a receive signal received 
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RECEIVER APPARATUS, AND ASSOCIATED METHOD, 
FORltECEIVING A RECEIVE SIGNAL TRANSMITTED UPON 
A CHANNEL SUSCEPTIBLE TO INTERFERENCE 

5 

The present invention relates generally to digital receivers operable to receive 
a receive signal transmitted upon a channel susceptible to interference, such as co- 
channel interference. More particularly, the present invention relates to apparatus, and 
an associated method, for identifying an interfering-signal component portion of the 

10 signal received by the receiver and for selectively suppressing the interfering-signal 

component portion out of the receive signal. 

The interfering-signal component portion is identified even without prior 
knowledge of a training sequence associated with, and forming a portion of, the 
interfering signal component portion. The receive signal is analyzed, first to identify 
5 a training sequence associated with an interfering signal component portion. And, a 
determination is made of the manner by which to recover best the wanted-signal 
component of the receive signal. A selection is made either to recover the wanted- 
signal component of the receive signal, e.g., by jointly detecting an interfering-signal 
component portion together with the wanted signal component and thereby 

20 suppressing the interfering-signal component portion, or to recover the wanted-signal 
component by detecting merely the wanted-signal component of the receive signal. 

When embodied in a cellular communication system, operation of an 
embodiment of the present invention facilitates better suppression of co-channel 
interference. Because co-channel interference is better able to be suppressed, channels 

25 defined in a cellular communication system can be reused in a more efficient manner, 
thereby to increase system capacity. For example, the number of cells forming a cell 
cluster pattern can be reduced. 

BACKGROUND OF THE INVENTION 

30 Utilization of digital communication techniques to communicate information 

between a sending station and a receiving station has become increasingly popular in 
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recent years. Radio communication systems, such as cellular communication systems, 
are exemplary of communication systems which are increasingly constructed to utilize 
digital communication techniques. 

Communication channels formed between the sending and receiving stations 

5 of a radio communication system are defined upon a portion of the electromagnetic 

spectrum, the "bandwidth", allocated to the system. The channels are defined, at least 
in part, upon carrier frequencies, "carriers", within the allocated bandwidth. The 
bandwidth allocated, and available, to a radio communication system is usually 
limited. And, the communication capacity of the radio communication system is 

10 defined, inter alia, by, and limited by, the bandwidth allocated to the system. 

In a multi-user radio communication system, such as a cellular communication 
system, communication capacity limitations sometimes prohibit additional users from 
utilizing the communication system as a result of bandwidth limitations. By utilizing 
more efficiently the bandwidth allocated to the communication system, the 

1 5 communication capacity of the system can be increased. 

The bandwidth allocated to a radio communication system can be more 
efficiently utilized if digital communication techniques are used to transmit 
information-containing communication signals upon channels forming links between 
a sending station and a receiving station. 

20 When a communication signal is formed utilizing a digital communication 

technique, an information signal is sometimes digitized and modulated upon a carrier 
utilizing a selected modulation technique, such as, for example, a QPSK (Quadrature 
Phase Shift Keying) or a GMSK (Gaussian Minimum Shift Keying) technique. Use 
of other modulation techniques are sometimes alternately utilized. Because the 

25 information signal is digitized, the communication signal formed therefrom can be 
transmitted by a sending station upon a communication channel in discrete bursts. 
When the communication signal is transmitted in discrete bursts, the bursts are 
concatenated theretogether at the receiving station. 

Because communication signals can be transmitted in discrete bursts, time 
30 division multiplexing of a carrier is permitted. Two or more channels can be defined 
upon a single carrier. 



WO 98/38750 « PCT/SE98/00260 

-3- 

In at least one type of cellular communication system, a system constructed 
pursuant to the operational specification of the Global System for Mobile 
communications (GSM), a digital communication technique is utilized. Carriers of the 
bandwidth allocated to the communication system are divided into eight time slots. 
5 Eight-way time division multiplexing is provided in such a communication system, 

and bursts of communication signal portions are transmitted between a sending station 
and a receiving station on selected ones of such time slots. Carrier/time slot 
combinations form the communication channels upon which the communication 
signals are transmitted. 

10 Standard protocols set forth in the GSM operational specification, define the 

structure of normal bursts communicated during time slots defined in the GSM system. 
The communication signal portions transmitted during the time slots defined in the 
GSM system are divided at least into a data field and a training sequence field. The 
training sequence field is formed of a series of bits, known to the receiving station. 

1 5 The purpose of transmitting known bits to the receiver is to allow the receiver to 
equalize the channel. Typically, the signal is distorted when it propagates through the 
radio medium and the equalization allows for the receiver to estimate the channel 
impulse response, i.e., how this distortion has affected the signal during its 
transmission to the receiver. 

20 Such training sequence bits are utilized at the receiving station to facilitate 

detection of the informational content of the data fields communicated together with 
the training sequence field. 

Cellular communication systems, both those utilizing conventional analog 
techniques and also those utilizing digital communication techniques, define cells 

25 throughout a geographical area encompassed by the cellular communication system. 

Collections of cells form cell clusters. In each cell cluster, the total available 
bandwidth allocated to the communication system is utilized. In successive cell 
clusters, the allocated bandwidth is reused. The communication capacity, limited by 
the number of channels which can be defined upon the allocated bandwidth, is 

30 effectively increased by reusing the channels in each of the cell clusters. 
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A problem sometimes associated with reuse of the bandwidth is co-channel 
interference. When communication signals are transmitted concurrently in different 
cells upon the same communication channel, such concurrently-transmitted signals 
sometimes interfere with one another; such interference is referred to as co-channel 
5 interference. Co-channel interference makes detection of the wanted-signal received 

at a receiving station more difficult. If levels of co-channel interference are 
significant, the quality of the signal detection might be inadequate. 

Receiving stations which receive communication signals generated utilizing 
digital communication techniques sometimes include equalizer circuitry to facilitate 

1 0 signal detection of the informational content of a communication signal received at the 
receiving station. Typically, the training sequence forming a portion of a 
communication signal is utilized by the equalizer to facilitate the detection of the 
informational content of the wanted-signal received at the receiving station. 

When the receive signal received at the receiving station is formed of both a 

1 5 wanted-signal component and also an interfering-signal component, an equalizer can 

be constructed to jointly detect both the wanted-signal component and the interfering- 
signal component. In such an equalizer, however, the training sequences associated 
with both the wanted-signal component and the interfering-signal component must 
typically both be known. While the training sequence associated with the wanted- 

20 signal component is typically known to the receiving station, the training sequence 
associated with an interfering-signal component portion forming at least a portion of 
the interfering-signal component is not necessarily and, typically is not, known to the 
receiving station. Without knowledge of the training sequence of the interfering-signal 
component portion, existing receiving stations are typically unable to properly detect 

25 and suppress such an interfering-signal component portion of a receive signal. 

A manner by which to permit a receiving station to determine better the 
interfering-signal component portion of a receive signal received at the receiving 
station would be advantageous. By better detecting the interfering-signal component 
portion, suppression of such interfering-signal component portion can be better 

30 effectuated. Thereby, bandwidth reuse can be made more efficient, resulting in 
increased communication capacities of the communication system. 
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It is in light of this background information related to digital receivers that the 
significant improvements of the present invention have evolved. 

SUMMARY OF THE INVENTION 

5 The present invention advantageously provides apparatus, and an associated 

method, for identifying an interfering-signal component portion of a receive signal 
which is most advantageous to suppress at the detector in a receiving station. Once 
identified, the interfering-signal component portion is selectively suppressed out of the 
receive signal. The interfering-signal component portion is suppressed if such 

10 suppression would facilitate detection of a wanted-signal component portion of the 
receive signal. 

Operation of an embodiment of the present invention estimates one or more 
interfering-signal component portions without requiring training sequences associated 
with the one or more interfering-signal component portions to be known in advance. 

1 5 The receive signal is analyzed, first to determine the training sequence associated with 
the one or more interfering-signal component portions. 

Thereafter, a selection is made of the manner by which to detect the wanted- 
signal component of the receive signal. The wanted-signal component is detected 
either by jointly detecting the interfering-signal component portion together with the 

20 wanted-signal component or by detecting merely the wanted-signal component of the 
receive signal. 

In one aspect of the present invention, apparatus and method is embodied in 
a cellular communication system to facilitate the detection of a wanted-signal 
component received at a receiving station. The receiving station is formed of a mobile 

25 terminal when downlink signals are transmitted thereto. And, the receiving station is 
formed of a radio base station of the network infrastructure of the cellular 
communication system when uplink signals are transmitted thereto. 

By providing the capability to identify, detect, and possibly suppress the 
interfering-signal component portion even without prior knowledge of the training 

30 sequence associated therewith, the receiving station is sometimes better able to 
recreate the informational content of the wanted-signal component. 
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Better suppression of co-channel interference is facilitated through operation 
of an embodiment of the present invention. Because of such improved ability to 
suppress such interference, the channels defined in a cellular communication system 
are able to be reused in a more efficient manner, thereby to permit an increase in the 
5 communication capacity of the system. 

In another aspect of the present invention, the wanted-signal component of the 
receive signal is detected jointly with an interfering-signal component portion. A joint 
channel estimate is calculated for the wanted signal in addition to an interfering signal 
component portion or more than one interfering signal component portion. A value 

10 of residual interference is calculated for each of the calculated estimates. The value 
of residual interference is an indication of the interference remaining after detection. 
The interfering-signal component portion that can be most efficiently suppressed is 
that which exhibits a lowest estimate of residual interference. The most efficient 
suppression is, e.g., that which permits maximization of the quality of the detected, 

1 5 wanted data. Such an interfering-signal component portion is suppressed out of the 
receive signal. And, further receiver operations are thereafter performed upon the 
remaining signal portion. 

In another aspect of the present invention, a channel estimate is further made 
of only the wanted-signal component and a value of residual interference is calculated 

20 therefrom. The calculated value is compared with the value of residual interference 
of the lowest value calculated for joint channel estimation. Utilization of the joint 
detector is made if the residual interference calculated therefrom is of a lower value 
than the value of residual interference calculated responsive to the single-channel 
detector. And, if the residual interference value generated responsive to the single- 

25 channel detector is of a lesser value than the residual interference calculated 
responsive to the joint detector, the single-channel detector is instead utilized. 
Thereby, the training sequence associated with an interfering-signal component portion 
of a receive signal that is most efficiently suppressed is determined and, utilization of 
a signal generated by a joint detector or a single-channel detector is further made. In 

30 analogous fashion, more than one interfering-signal component portion can also be 
suppressed. 
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In still another aspect of the present invention, apparatus, and an associated 
method, is-operable in a radio receiver which receives a receive signal. The receive 
signal is formed of a wanted-signal component and an interfering-signal component. 
The interfering-signal component is formed of at least one interfering-signal 
5 component portion. The wanted-signal component has a first training sequence 
associated therewith. And, the at least one interfering-signal component portion has 
at least a second training sequence associated therewith. The first and at least second 
training sequences, respectively, are selected from a set of training sequences. The 
first training sequence is of a value known to the receiver at least when the signal is 

10 received at the receiver. The apparatus, and the method, determines the value of the 
at least second training sequence. A channel estimator is coupled to receive at least 
indications of the receive signal received at the receiver. The channel estimator 
generates groups of channel estimates wherein the channel estimates of each group are 
representative of characteristics of estimated channels estimative of channels upon 

1 5 which the receive signal is transmitted to the receiver. The channel estimates of each 
group include estimates of channels upon which interfering-signal component portions 
are transmitted. The interfering-signal component portions have associated therewith 
training sequences of the set of training sequences. A residual interference estimator 
is coupled to receive indications of the estimates formed by the channel estimator. The 

20 residual interference estimator generates values of residual interference estimated by 
the residual interference estimator. The selector selects a group of the channel 
estimates of the groups of channel estimates estimated by the channel estimator which 
exhibit a value of residual interference of a desired value. The training sequence or 
sequences associated with the group of channel estimates selected by the selector is 

25 determined to be the value of the at least second training sequence. 

In another aspect of the present invention, the wanted-signal component of the 
receive signal is detected in addition to one or more of the interfering-signal 
component portions. The interfering-signal component portions are first identified in 
an estimator by recognition of, e.g., a training sequence for the interfering-signal 

30 component portions. The estimator also generates a quality measure for the receive 
signal. The quality measure reflects the quality of the wanted-signal component after 
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detection, e.g., of a measure of residual interference. For every combination of 
estimations of wanted-signal component and interfering-signal component portions 
possible for a known number of interferers to detect, a quality measure is determined. 
An interference detector then selects to detect the combination of wanted-signal 

5 component/interfering-signal component portions that are most advantageous to 
detect, according to the quality measure generated. 

In these and other aspects, therefore, an apparatus, and associated method, 
facilitates processing of a receive signal received at a radio receiver. The receive 
signal is formed of a wanted-signal component portion and at least one interfering- 

10 signal component portion. A quality measure determiner is coupled to receive at least 
indications of the receive signal. The quality measure determiner forms at least one 
quality measure of the receive signal. An interference detector is also coupled to 
receive the at least indications of the receive signal and indications of the at least one 
quality measure of the receive signal determined by the quality measure determiner. 

1 5 The interference detector detects the wanted-signal component portion of the receive 
signal and selectively suppresses the at least one interfering signal component portion. 

A more complete appreciation of the present invention and the scope thereof 
can be obtained from the accompanying drawings which are briefly summarized 
below, the following detailed description of the presently-preferred embodiments of 

20 the invention, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a 4:12 cell reuse pattern sometimes utilized to allocate 
channels available to be used in a cellular communication system. 
25 Figure 2 illustrates a cell reuse pattern, similar to that shown in Figure 1 , but 

of a 1 :3 channel reuse pattern. 

Figure 3 illustrates an exemplary frame structure of a burst into which bits 
transmitted between a sending station and a receiving station of a communication 
system are formatted. 

3 0 Figure 4 illustrates a functional block diagram of a model of a communication 

system having a communication channel upon which co-channel, interfering-signal 
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components are received together with a wanted- signal component at a receiving 
station. 

Figure 5 illustrates a functional block diagram of the apparatus of an 
embodiment of the present invention which forms a portion of the receiving station 
5 shown in Figure 4. 

Figure 6 illustrates another functional block diagram of the apparatus of an 
embodiment of the present invention which forms a portion of the receiving station 
shown in Figure 4. 

Figure 7 illustrates a method flow diagram illustrating the method steps of the 
1 0 method of the present invention. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

Referring first to Figure 1, an exemplary grid pattern, shown generally at 10, 
is illustrative of a channel allocation pattern defined in an exemplary cellular 
1 5 communication system. The grid pattern pictorially illustrates the manner by which 
groups of channels are reused throughout a geographical area encompassed by the 
system. 

Hexagonally-shaped cells 12 are defined by radio base stations 14. Typically, 
the hexagonal pattern exists only for cell planning purposes and it is to be understood 

20 that the actual coverage provided by the base stations and antenna sites is typically not 
hexagonal. The radio base stations 14 form portions of cellular network infrastructure 
equipment of the cellular communication system. 

In the grid pattern 10 illustrated in Figure 1, each radio base station 14 defines 
three cells 12. Generally, a mobile terminal (not shown) positioned in one of the cells 

25 12 transceives communication signals to and from the radio base station 14 which 
defines the cell in which the mobile terminal is positioned. Utilization of a cellular 
communication system is advantageous as continued communication with the mobile 
terminal is possible even as the mobile terminal passes through successive ones of the 
cells 12. Communication "hand-offs" between radio base stations 14 defining the 

30 successive ones of the cells 12 permit such continued communication, all without 
apparent interruption of ongoing communications. 
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As noted previously, a significant advantage of a cellular communication 
system arises due to the ability to reuse channels defined in the bandwidth allocated 
to the communication system. Different groups of channels are assigned to be used 
at different ones of the cells 12. And, such channel assignments are repeated in 
5 successive groups of the cells. While typically, channel assignments of adjacent cells 
12 are dissimilar, the channel assignments are repeated over the successive groups of 
cells. 

The grid pattern 10 shown in Figure 1 is sometimes referred to as a "4:12" 
scheme. In such a scheme, the channels allocated to the cellular communication 

1 0 system are divided into twelve channel-groups. The groups are designated in the 
figure by Al, A2, A3, Bl, B2, B3, CI, C2, C3, Dl, D2, and D3. Groups of twelve 
cells, such as the group 22 indicated by the bold-face outline in the figure, are defined 
throughout the pattern 1 0. The channels assigned to each cell of the twelve-cell group 
is assigned a different set of channels, and adjacently-positioned cells are not assigned 

15 with the same channels. Interference between signals generated in adjacently- 
positioned cells is thereby reduced. 

As also mentioned previously, to increase the capacity of the cellular 
communication system, the cells can be re-used more frequently, albeit at the risk of 
an increase in the possibility that interference of concurrently-generated 

20 communication signals might be more likely to occur. 

Figure 2 illustrates another exemplary grid pattern, shown generally at 30, 
illustrative of another channel allocation pattern. The pattern 30 is sometimes referred 
to as a "1:3" scheme. Similar to the arrangement shown in Figure 1, hexagonally- 
shaped cells 12 are defined by radio base stations 14. Each base station 14 defines 

25 three cells 12, in manners analogous to the manners by which the base stations 14 
define the cells 12 in the illustration of Figure 1. 

In a 1:3 scheme, the channels of the bandwidth allocated to the cellular 
communication system axe divided into three groups. In such a scheme, the channels 
allocated to the communication system are divided into three channel-groups. The 

30 groups are designated in the figure by A, B, and C. Groups of three cells, such as the 
group 42, indicated by the bold-faced outline, are formed throughout the grid pattern 
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30. Each cell of the group 42 is defined with a different one of the three sets of 
allocated channels. The sets of channels, again, are assigned in manners such that 
adjacent ones of the cells are not assigned with the same set of frequency channels. 
Because the allocated channels are divided into three sets of channels rather 

5 than twelve sets of channels, a multiple-increase in channels available upon which to 
transmit communication signals at any particular cell results. Viz., up to a four-fold 
increase in communication capacity is possible. However, the separation distance 
between cells which reuse the same set of channels is reduced, in contrast to the reuse 
pattern of the 4:12 scheme shown in Figure 1. 

10 Degradation levels of communication quality resulting from co-channel 

interference is therefore of a potentially greater concern in a cellular communication 
system which utilizes the 1 :3 scheme rather than the 4: 12 scheme. If increased levels 
of co-channel interference significantly interfere with communications when a 1 :3 
communication scheme is utilized, the benefits of the increased communication 

15 capacity permitted by the utilization of a 1 :3 communication scheme might be offset 
by increased levels of co-channel interference. If significant, the levels of co-channel 
interference, in fact, might seriously degrade the quality of communications, wholly 
obviating the possibility of increasing the communication capacity of the 1 :3 allocation 
scheme. 

20 Operation of an embodiment of the present invention provides a manner by 

which to identify a co-channel, interfering signal at a receiving station, thereby to 

permit better suppression of such interfering signal. 

Figure 3 illustrates a burst 50, exemplary of a burst into which data bits of a 

communication signal are formatted in an exemplary, cellular communication system. 
25 The burst 50 is representative of a burst formatted during operation of transmitter 

apparatus of a GSM cellular communication system. Other manners by which a 

communication signal can be formatted can similarly be represented. 

As illustrated, the burst 50 includes two fields of data 52, each of fifty-seven 

bit lengths. A training sequence 54 of a twenty-six bit-length is positioned between 
30 the two data fields 52. Three-bit length tails 56 are formed at the opposing ends of the 

burst 50. The bit values of the tails 56 are of zero values. The bits forming the data 
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fields 52 contain speech or other types of source information or signaling information. 
Single bit length flags 58 positioned between the data fields 52 and the training 
sequence 54 are of values indicative of the type of information of which the fields 52 
are formed. Successive bursts, or "frames'* formatted therefrom, are communicated 
5 between a sending and a receiving station, such as the radio base stations 1 4 shown in 

Figures 1 and 2, and a mobile terminal to communicate information therebetween. 

Figure 4 illustrates an exemplary communication system, shown generally at 
70, representative of the cellular communication system having a cell reuse plan such 
as that represented by the grid pattern 30 shown in Figure 2. In the illustrated system 

10 70, a wanted-signal transmitting station 72 generates a transmit signal which is 
transmitted upon a communication channel 74 to a receiving station 76. The wanted- 
signal transmitting station 72 is representative of, for example, the radio base station 
14, shown in Figure 2, which generates downlink signals for transmission to a mobile 
terminal, here represented by, for example, the receiving station 76. The station 72, 

15 conversely, can be representative of a mobile terminal when the mobile terminal is 
operable to transmit an uplink signal to a radio base station. 

Additional transmitting stations 78 are representative of transmitting stations 
which generate interfering signals which interfere with the wanted-signal generated by 
the transmitting station 72. A K number of interfering-signal transmitting stations 78 

20 are illustrated in the figure. Each of such transmitting stations 78 transmit interfering 
signals upon the communication channel 74 and which are received by the receiving 
station 76. Such transmitting stations 78 are representative, for example, of radio base 
stations which generate signals on the same channel upon which the transmitting 
station 72 transmits signals, thereby to form co-channel interfering signals which 

25 interfere with the wanted-signal generated by the transmitting station 72. 

The channels 82 upon which the signals are transmitted by the transmitting 
station 72 and stations 78 can be modeled by discrete-time channel filters containing 
a channel impulse response. Such filters are in the model represented by, for example, 
multi-tap, FIR(Finite Impulse Response) filters. The channels 82 illustrated in the 

30 figure are representative of the channels upon which the signals are transmitted, and 
such channels are indicated by the designation h^ h, . . . \. Each of the channels 82 
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is of potentially differing characteristics responsive to the paths upon which the signals 
are transmitted to the receiving station 76. Collectively, the channels 82 upon which 
the signals generated by the transmitting stations 72 and 78, respectively, are 
transmitted form the communication channel 74. 

5 Although the receiving station 76 is intended to receive only the wanted-signal 

generated by the transmitting station 72, the receive signal actually received by the 
receiving station 76 is the summation of all of the signals transmitted upon the 
different channels 82. Such summation of the different signals is represented in the 
figure by the summation element 84. Additional distortion caused by white Gaussian 

10 noise forms an additional component of the summed signal forming the receive signal 
received at the receiving station 76. 

Figure 5 illustrates apparatus 85 which forms a portion of the receiving station 
76 shown in Figure 4 in an exemplary embodiment of the present invention. The 
apparatus 85 is operable to identify and possibly suppress one or more interfering- 

15 signal component portions of a receive signal received at the receiving station. 

While the following description of an exemplary embodiment is described 
generally with respect to a communication system in which it is generally desirable to 
suppress interfering signal component portions, in an embodiment in which the present 
invention is operable in, e.g., a CDMA communication system, the received signal 

20 contains at least one wanted signal component portion and possibly a number of 
interfering signal component portions. 

The receive signal, subsequent to down-conversion operations performed by 
a down-converter (not shown), is applied to an estimator 86 by way of line 87. The 
estimator 86 is operable to estimate channel impulse responses of a communication 

25 channel upon which a wanted-signal component portion and at least one interfering- 
signal component portion of the receive signal are transmitted. The channel impulse 
responses may be estimated, for example, through the utilization of a training 
sequence, or other sequence, of the interfering signal component portion or portions. 
The estimator 86 generates a signal on line 88 which is applied to an interference 

30 detector 89. This signal forms a quality measure of the received-signal by being, e.g., 
an estimate of the quality of a wanted-signal component portion after detection. A 
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separate quality measure is generated for each combination of wanted-signal 
components and interfering-signal component portions that are estimated by the 
estimator 86. Thereby, the estimator 86 forms a signal quality determiner in which the 
signal formed thereat is an indication of the quality of the wanted-signal component 
5 after detection. The interference detector 89 is operable to selectively suppress one or 

more interfering-signal component portions of the receive signal The interference 
suppressor may, for example, be formed of a joint detector, an interference canceler, 
a multi-user detector, or a subtractive demodulator. An embodiment in which the 
interference suppressor is formed of a joint detector shall be described below with 

1 0 respect to Figure 6. 

The estimator 86 which generates the signal on the line 88 is operable to 
estimate channel impulse responses of a channel upon which the wanted signal 
component and one or more interfering signal component portions are transmitted. 
The channel impulse response is determined, in one embodiment, by utilizing a 

1 5 sequencer signal which permits for an estimation of the channel impulse response, 

such as a training sequence of the interfering signal component portion. 

Figure 6 illustrates apparatus 92 which forms a portion of the receiving station 
76 shown in Figure 4 in an exemplary embodiment of the present invention. The 
apparatus 92 is operable to determine one or more interfering-signal component 

20 portions of a receive signal received at the receiving station. By determining the 
component portions of the receive signal which are interfering-signal component 
portions, such component portions can be jointly detected together with a wanted- 
signal component and thereby suppressed. 

The receive signal, subsequent to down-conversion operations performed by 

25 a down-converter (not shown), is applied to an estimator 94 by way of line 96. The 
estimator 94 is operable to determine the training sequence of one or more interfering- 
signal component portions of the receive signal generated on the line 96. 

The estimator 94 includes a channel estimator 98. The channel estimator is 
operable to estimate the channels upon which the wanted-signal component and the 

30 interfering-signal component portions of the receive signal are transmitted. That is to 
say, the channel estimator 98 is operable to estimate the channels 82 shown in Figure 
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4. The channel estimator 98 is provided with information, here indicated by way of 
line 102, of the training sequence of the wanted-signal component, wanted to be 
received by the receiving station of which the apparatus 92 forms a portion. 

The training sequences associated with the interfering-signal component 
5 portions are, however, not known. Only the set of training sequences available to the 
communication system is known. Training sequences associated with individual ones 
of the interfering-signal component portions are selected from such set. The estimator 
94, of which the channel estimator 98 forms a portion is operable to extract the 
training sequences associated with one or more interfering-signal component portions. 
10 The channel estimator 98 estimates groups of channels formed of estimated 

channels upon which the wanted-signal component is transmitted together with 
interfering-signal component portions having associated therewith each of the possible 
training sequences. 

The groups of estimates can be estimated, e.g., by joint estimation of the 
1 5 wanted-signal component and at least one interfering-signal component portion. But, 
the groups of estimates can also be formed by combining individual estimates of the 
wanted-signal component and estimates of the interfering-signal component portions, 
respectively. 

In one embodiment, channel estimation, h , is made based upon a least mean 
20 square error estimate which is calculated using the following equation: 

h = (M H MY x M H r T 
where H denotes the Hermetian transpose, and M is the matrix defined as: 



and where each M^, i=0,l. . .JC, is a matrix containing the training sequence for user 
i, m.(n),n € [0, N - 1] , in the following way: 
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m.[L) m.lL-l) ... 
m.(Z, + l) m^L) 



m. (0) 
mAl) 



m.(N-l) m.(N-2) ... m.(N-L-l) 



10 



L is the memory of the channels, i.e., for each user, Z.+1 taps are estimated for 
the channel impulse responses. N is the length of the training sequence. 

Further r r is a column vector of length N-L containing the received signal 
during the training sequence. Adopting the above definition, r T can be expressed as: 

r 7 - = Mh + w 

where w is noise and interference that is not detected. 

In the same way the received signal during the data sequence can be expressed 

as: 

r D = Dh + w 

where D is a matrix defined as: 

D=tD 0 ,D 1> . ,D K ] 



where each D j3 i=0,l,.. M K, is a matrix containing the data sequence for user i, 
d^n), n e [0, N - 1], defined as: 



d.(L) d.(L-l) ... d.(0) 
cLfL+l) djU) ... d^l) 

d.iR-L) d.(R~2) ... d^R-L-1) 



i - 0,..., K 



15 



The residual interference during the training sequence is: 

R T = (r T - Mt) ff (r T - Mh) 
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and similarly for the data sequence: 

R D = (r D - Dn)"(r D - dK) 

The expected value for the residual interference for the training sequence is: 
E{R T } = ... = (N - L - (L+1)(K + l))o 2 = uo 2 
where a 2 is the power of the non-detected signal w. 
The same can be done for the data sequence: 

E{R T } = ... - (R-LXTraceK^A/) 1 } + l)o 2 - vo 2 
an estimate of the residual interference for the data sequence, R D , can be done by 
combining the above two equations. 




While the training sequence of the wanted-signal component is known, the 
training sequence of interfering-signal component portions must be determined. 

To determine the training sequences of the interfering-signal component 
portions, a joint channel estimate is performed under the assumption that the 
interfering-signal component portions have particular training sequences. That is to 
say, h is calculated where M =[M 0 M,] and M, take on all possible training 
sequences. Then for all the channel estimates, a value of the residual interference 
during a data-sequence portion is calculated. An estimate of the training sequence for 
the interfering-signal component portion which exhibits the lowest estimate of the 
residual interference during a data sequence is selected to be the interfering-signal 
component which has the most degrading effect upon receiver performance. 

A selector 108 is coupled to the residual interference estimator 106 by way of 
lines 112. The selector 108 is operable, in part, to select the training sequence 
associated with the value of residual interference at the lowest level and to generate 
a signal on line 1 14 representative of such training sequence. A signal representative 
of a channel estimate is also generated upon the line 114. 
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The apparatus 92 further includes a joint detector 118. The joint detector 1 1 8 
is coupled- to receive indications of the training sequence and the channel estimate 
selected by the selector 108 and also, at least selectively, to the line 96 upon which the 
receive signal is provided. The joint detector 1 18 is operable to detect jointly the 
5 wanted-signal component having the known training sequence and the one or more 
interfering-signal component portions associated with the one or more training 
sequences selected by the selector 108. The joint detector may, for example, be 
implemented utilizing a Viterbi algorithm, in conventional fashion. 

By jointly detecting the wanted signal component portion and the at least one 

1 0 interfering-signal component portion, the degradation of the wanted-signal component 
portion caused by the interfering-signal component portion is substantially reduced, 
i.e., a suppression of the interfering-signal component portion out of the wanted-signal 
component portion is achieved. 

In the illustrated embodiment, the apparatus 92 further includes a single- 

1 5 channel detector 128. And, in such an embodiment, the channel estimator 98 is further 
operable to estimate a wanted-signal channel upon which the wanted-signal 
component of the receive signal is estimated to be transmitted, all without regard to 
any interfering-signal component portion. 

The residual interference estimator 106 is further operable to calculate the 

20 residual interference of such an estimated channel, and the selector 108 is further 
operable to select amongst the channel estimates including such single-channel 
estimate. If a determination is made by the selector 108 that the single-channel 
estimate exhibits the lowest level of residual interference, the selector 108 generates 
a control signal on line 1 34 which controls a switch position of a switch element 1 36. 

25 The switch element 136 alternately connects the line 96 to either the joint 

detector 118 or the single-channel determiner 128. When the residual interference 
value of the single-channel estimate is of the lowest value, the selector 1 08 causes the 
switch element 136 to be positioned to interconnect line 96 with the detector 128. 
When another of the channel estimates exhibits lower levels of residual interference, 

30 the selector 108 causes the switch position of the switch element 136 to be positioned 
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to interconnect the line 96 with the joint detector 118. In such manner, the apparatus 
detects thcreceive signal jointly or singly, as appropriate. 

Figure 7 illustrates a method shown generally at 200, of an embodiment of the 
present invention. The method 200 is operable to determine the value of a training 
5 sequence associated with an interfering component portion of a receive signal. The 
receive signal is formed of a wanted-signal component and at least one interfering- 
signal component portion. 

First, and as indicated by the block 202, groups of channel estimates are 
generated responsive to indications of the receive signal. Channel estimates are 

10 estimative of channels upon which components of the receive signal are transmitted 
to the receiver. Then, and as indicated by the block 204, values of residual 
interference are generated for each of the groups of channel estimates. And, as 
indicated by the block 206, a selection is made of the group of channel estimates 
which exhibits the lowest value of residual interference. Such levels of residual 

1 5 interference are indicative of the interference-signal component portion. The training 
sequences associated with the channel estimates are determined to be the value of the 
training sequence. 

Operation of an embodiment of the present invention permits an interfering- 
signal component portion to be detected even without prior knowledge of a training 

20 sequence associated with such portion. A receive signal received at a receiver is 
analyzed, first to determine a training sequence associated with the interfering-signal 
component portion. And, a determination is made of the manner by which to recover 
best the wanted-signal component of the receive signal. A selection is made either to 
recover the wanted-signal component by joint detection or by detection of merely the 

25 wanted-signal component of the receive signal. 

When embodied in receiving station portions of a cellular communication 
system, such as the receiver portion of a mobile terminal or the receiver portion of a 
radio base station, better suppression of co-channel interference is facilitated. Because 
co-channel interference is better able to be suppressed, channels defined in this system 

30 can be reused in a more efficient manner, such as the 1 :3 cell reuse pattern shown in 
Figure 2. 
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Although the present invention and its exemplary embodiments are primarily 
explained considering a TDMA communication system, it could equally well be 
implemented in communication systems that utilize other kinds of access schemes, 
such as, for example, a slotted CDMA system, where every time slot/frequency is 
divided into at least two traffic channels, e.g., at least two users. The user separation 
within the time slot/frequency is in such a case achieved by a code separation, i.e., 
each user in the same time slot/frequency is assigned a user-specific spreading code. 
In such a case, a wanted signal component is susceptible to both co-channel and intra- 
cell interference. If an embodiment of the invention is implemented in, e.g., such a 
system, it should be appreciated that what earlier has been referred to as interfering- 
signal component portions actually can be any mixture of interfering-signals and 
useful signals, at least for the uplink case, where detection of all components are 
desirable. 

The previous descriptions are of preferred examples for implementing the 
invention, and the scope of the invention should not necessarily be limited by this 
description. The scope of the present invention is defined by the following claims. 
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WHAT IS CLAIMED IS: 

1 . - In a radio receiver operable to receive a receive signal, the receive 
signal formed of a wanted-signal component portion and at least one interfering-signal 
component portion, an improvement of apparatus for facilitating processing of the 
5 receive signal, said apparatus comprising: 

a quality measure determiner coupled to receive at least indications of the 
receive signal, said quality measure determiner for forming at least one quality 
measure of the receive signal; and 

an interference detector also coupled to receive the at least indications of the 
1 0 receive signal and indications of the at least one quality measure of the receive signal 
determined by said quality measure determiner, said interference detector for detecting 
the wanted signal-component portion of the receive signal and for selectively 
suppressing the at least one interfering signal component portion. 

15 2. The apparatus of claim 1 wherein said interference detector is further 

selectively operable to pass both the wanted signal-component portion and the at least 
one interfering signal component portion detected thereat. 

3. In a radio receiver operable to receive a receive signal, the receive 
20 signal formed of a wanted-signal component and an interfering-signal component, the 
wanted-signal component having a first training sequence associated therewith and the 
at least one interfering-signal component portion having at least a second training 
sequence associated therewith, the first and the at least second training sequences, 
respectively, selected from a set of training sequences, the first training sequence of 
25 a value known to the receiver at least when the receive signal is received at the 
receiver, an improvement of apparatus at least for determining the value of the at least 
second training sequence, said apparatus comprising: 

a channel estimator coupled to receive at least indications of the receive signal 
received at the receiver, said channel estimator for forming groups of channel 
30 estimates, the channel estimates of each group representative of characteristics of 
estimated channels estimative of channels upon which the receive signal is transmitted 
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to the receiver, the channel estimates of each group including estimates of channels 
upon which interfering signal component portions are transmitted, the interfering- 
signal component portions having associated therewith training sequences of the set 
of training sequences; 

5 a residual interference estimator coupled to receive indications of estimates 

formed by said channel estimator, said residual interference estimator for generating 
values of residual interference for each of the groups of channel estimates formed by 
said channel estimator; and 

a selector coupled to receive the values of the residual interference estimated 

1 0 by said residual interference estimator, said selector for selecting a group of channel 
estimates of the groups of channel estimates estimated by said channel estimator which 
exhibit a value of residual interference, estimated by said residual interference 
estimator, of a desired value, the training sequence associated with the group of 
channel estimates selected by said selector determined to be the value of the at least 

1 5 second training sequence. 

4. The apparatus of claim 3 wherein said channel estimator comprises a 
least mean square error estimator. 

20 5. The apparatus of claim 4 wherein said least mean square estimator of 

which said channel estimator is formed calculates a least mean square channel estimate 
for an estimated-interfering signal having each training sequence of the set of training 
sequences but for the first training sequence associated with the wanted-signal 
component. 

25 

6. The apparatus of claim 2 wherein the groups of channel estimates 
estimated by said channel estimator comprise estimates of a wanted-signal component 
channel and interfering-signal component portion channels, the interfering-signal 
component portion channels estimative of channels upon which interfering-signal 
30 component portions having associated therewith training sequences of each training 
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sequence of the group of training sequences but for the training sequence associated 
with the wanted-signal component. 

7. The apparatus of claim 3 wherein said residual interference estimator 
5 estimates a value of residual interference for each of the groups of channel estimates. 

8. The apparatus of claim 3 wherein said selector selects a group of 
channel estimates amongst the groups of the channel estimates which exhibits a lowest 
level of residual interference. 

10 

9. The apparatus of claim 3 further for suppressing the at least one 
interfering signal component portion, said apparatus further comprising: 

an interference suppressor coupled to receive the at least indications of the 
receive signal and to receive indications of the at least second training sequence 
1 5 associated with the group of channels selected by said selector and channel estimates 
formed by said channel estimator, said interference suppressor for selectively 
suppressing the at least one interfering signal component portion. 

10. The apparatus of claim 9 wherein said interference suppressor 
20 comprises a joint detector, said joint detector for jointly detecting the values of the 

wanted-signal component and the values of the interfering signal component portion 
having the second training sequence. 

11. The apparatus of claim 9 wherein said channel estimator further 
25 estimates a wanted-signal estimated channel, the wanted-signal estimated channel 

estimative of only the channel upon which the wanted-signal component is transmitted 
to the receiver. 

12. The apparatus of claim 1 1 wherein said residual interference estimator 
30 is further coupled to receive indications of the wanted-signal estimated channel, said 



10 
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portion having at least a second training sequence associated therewith, the first and 
second training sequences respectively, selected from a set of training sequences, the 
first training sequence of a value known to the receiver at least when the receive signal 
is received at the receiver, an improvement of a method for at least determining the 

5 value of the at least second training sequence, said method comprising the steps of: 
estimating groups of channel estimates responsive to indications of the receive 
signal received at the receiver, the channel estimates of each group representative of 
characteristics of estimated channels estimative of channels upon which the receive 
signal is transmitted to the receiver, the channel estimates of each group including 

10 estimates of channels upon which interfering-signal component portions are 
transmitted, the interfering-signal component portions having associated therewith 
training sequences of the group of training sequences; 

generating values of residual interference for each of the groups of channel 
estimates estimated during said step of estimating; and 

1 5 selecting a group of channel estimates of the groups of channel estimates which 

exhibit a value of residual interference, generated during said step of generating values 
of residual interference of a desired value, the training sequence associated with the 
group of channel estimates determined to be the value of the at least second training 
sequence. 

20 

18. In a radio receiver operable to receive a receive signal, the receive 
signal formed of a wanted-signal component and an interfering-signal component 
having at least one interfering-signal component portion, the wanted-signal component 
haying a first training sequence associated therewith and the at least one interfering- 

25 signal component portion having at least a second training sequence associated 
therewith, the first and second training sequences respectively, selected from a group 
of training sequences, the first training sequence of a value known to the receiver at 
least when the receive signal is received at the receiver, an improvement of an 
apparatus for estimating a channel upon which the receive signal is transmitted to the 

30 radio receiver, said apparatus comprising: 
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a joint detector selectably coupled to receive at least indications of the receive 
signal, said joint detector for jointly detecting the wanted-signal component 
transmitted upon a wanted-signal channel together with the at least one interfering 
component portion transmitted upon at least one interfering-signal channel; 

a wanted-signal detector selectably coupled to receive at least indications of the 
receive signal, said wanted signal detector for detecting the wanted-signal component 
transmitted upon the wanted-signal channel; and 

a selector for selectably coupling said joint detector and said wanted signal 
detector to receive the at least indications of the receive signal. 
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